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per iods  up t o  100 hours. Prolonged pe r iods  i n  s u n l i g h t  re- 
q u i r e  t h e  b a t t e r i e s  t o  be subjec ted  t o  cont inuous charge and 
overcharge.  This type  of opera t ion  of s i l v e r  cadmium cel ls  
r e s u l t s  i n  ce l l  vo l t age  unbalance and subsequent gas evolu- 
t i o n .  Optimum c e l l  des ign ,  improved methods of charge con- 
t r o l  and ce l l  s e l e c t i o n  techniques have been developed t o  
a l l e v i a t e  t h i s  problem. I n  add i t ion ,  recombination e l e c t r o d e s  
and improved s e p a r a t o r  materials have a ided  i n  minimizing t h e  
problems a s soc ia t ed  w i t h  cel l  unbalance. 

Severa l  sa te l l i tes  launched by NASA/Goddard have o r b i t a l  
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of t h e  average can r e s u l t  i n  b a t t e r y  f a i l u r e .  To overcome a . 
woven nylon r a t h e r  than  woven nylon on t h e  p o s i t i v e  has  i m -  
proved ce l l  performance., Improved wicking has  shown t h a t  
c e l l s  i n  series can be t r ick le-charged  a t  cons t an t  p o t e n t i a l  
w i th  less  than  k 1% v a r i a t i o n  i n  c e l l  t o  ce l l  charge vol tage.  
Gauges have been developed t o  accu ra t e ly  measure t h e  expan- 
s i o n  of cel l  components. The to l e rance  v a r i a t i o n  i n  t h e  

. s w e l l i n g  of  s e p a r a t o r  materials, p a r t i c u l a r l y  ce l lophane ,  re- 
q u i r e s  modi f ica t ion  i n  ce l l  des ign  as a f u n c t i o n  of l o t  t o  
l o t  v a r i a t i o n s  i n  s e p a r a t o r s .  Also new s e p a r a t o r  materials, 
mod i f i ca t ions  of methyl c e l l u l o s e ,  have been developed which 
have uniform s w e l l i n g  c h a r a c t e r i s t i c s  and are not a s  r e a d i l y  
a t t acked  by s i l v e r  oxide,  t h e r e f o r e  carbonate  formation is 
reduced. 

,* t h e  dryness  problem a t  t h e  p o s i t i v e  e l e c t r o d e ,  use  of non- t 
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The use  of recombination e l e c t r o d e s  i n  s i l v e r  cadmium 
ce l l s  has  shown t h a t  ope ra t ion  of  a sealed c e l l  a t  less than  
two atmospheres abso lu t e  of i n t e r n a l  p re s su re  is poss ib l e .  
I t  has  a l s o  been noted t h a t  ope ra t ion  of ce l l s  wi th  recom- 
b i n a t i o n  e l e c t r o d e s  t e n d s  t o  res t r ic t  vol tage  excurs ions  of 
c e l l s  t o  a minimum, i .e. ,  w i t h i n  2 2% of t h e  average charge 
vol tage .  

An improved method of charge c o n t r o l  has  been developed 
and is p r e s e n t l y  being incorpora ted  i n t o  s a t e l l i t e  design.  
During cons t an t  p o t e n t i a l  charging,  as t h e  b a t t e r y  becomes 
charged, t h e  charge c u r r e n t  decays t o  low l e v e l s .  With pro- 
p e r l y  formed cel ls  and optimum ce l l  des ign ,  c e l l  unbalance 
w i l l  n o t  occur  as long as t h e  c u r r e n t  is g r e a t e r  t han  '/loo.* 
The new charge c o n t r o l  method lowers t h e  b a t t e r y  charge vol t -  
age when t h i s  low c u r r e n t  l e v e l  is approached. For i n s t a n c e ,  
a f i v e  ampere hour b a t t e r y  t h a t  is modified cons t an t  p o t e n t i a l  
charged a t  1.50 vol-ts per  ce l l  u n t i l  t h e  charge c u r r e n t  decays 
t o  50 mil l iamperes  w i l l  t hen  be switched t o  a lower charge 
vo l t age  which is a t  o r  near  open c i r c u i t  vo l t age  of t h e  bat-  
t e r y .  A t  t h e  lower charge vol tage ,  c e l l  unbalance ceases  t o  
be a problem. 

A s  aforementioned, when a s i l v e r  cadmium b a t t e r y  is 
t r ick le-charged  f o r  extended per iods  of t i m e  and then  dis- 
charged ,  t h e  vo l t age  can i n i t i a i i y  drop t o  about 0.98 vclt 
per  c e l l  and then  w i l l  recover  t o  a h igher  l e v e l  (1.06 v o l t s  
pe r  ce l l ) .  This  phenomenon is a func t ion  of temperature  
o c c u r r i n g  a t  25OC and 5OoC b u t  not a t  O°C. 

Ai; t h e  i o w e r  temperature, the Ago is more s t a b l e  and 
t h e r e f o r e  t h e  ce l l s  w i l l  e x h i b i t  t h e  h igher  p l a t eau  vol tage .  
The b a t t e r y  is only  60% charged a t  l o w  temperature;  t h e r e f o r e ,  

*c = r a t e d  b a t t e r y  c a p a c i t y  
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t h e  absence of occluded oxygen and/or t h e  presence of free 
s i l v e r  could account f o r  a lower r e s i s t i v i t y  of t h e  p o s i t i v e  
p l a t e s .  T e s t s  of batteries wi th  t h e  v a r i a b l e  v o l t a g e  charge 
c o n t r o l  mentioned above i n d i c a t e  t h i s  mode of charg ing  a l s o  
w i l l  a l l e v i a t e  t h i s  vo l t age  depression a t  beginning of d i s -  
charge. 
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